Purpose: To characterize semiology and EEG features of praxis-induced (PI) myoclonia and to describe the subjective perception of juvenile myoclonic epilepsy (JME) patients with this reflex trait. Methods: Patients with JME who presented myoclonia during a Video-EEG Neuropsychological Protocol were selected. We analyzed the semiology of upper limbs myoclonia and the ictal EEG patterns on Video-EEG. We explored the subjective aspects of PI by performing a semi-structured interview to each patient. Results: 15 patients experienced 59 upper limbs myoclonia. Jerks were more frequently asymmetric or unilateral (32/59); a bilaterally symmetric pattern of all myoclonia was observed in only five patients. Ictal pattern was polyspike-wave (PSW) in 31/59 myoclonic seizures and spike-and-wave (SW) in 28/59. Six patients started perceiving myoclonia while learning a new skill or practicing a previously learned skill in a more stressful context. For most patients, PI-myoclonia were a source of anxiety. PI persisted despite antiepileptic medications in 10 patients. Conclusions: Electroclinical features of PI-myoclonia were more heterogeneous than traditionally described. Ictal pattern of SW was almost as frequent as classical PSW. Patients described the influence of learning new skills and anxiety on PI. Their subjective perception let us understand the impact of this reflex trait.
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Introduction
Reflex seizures refer to epileptic seizures triggered immediately or within a short delay by specific motor, sensory, or cognitive stimuli [1, 2] . Praxis induction (PI), one of the well-recognized reflex epileptic traits, is defined as the precipitation of seizures or epileptiform discharges (ED) by complex cognition-guided tasks often involving visuomotor coordination and decision-making, such as playing chess, cards, or other games; calculation; manipulation; drawing; and writing [3] . PI is strongly related to genetic generalized epilepsies, particularly juvenile myoclonic epilepsy (JME). Mental activities involving the hands (writing, calculation, and drawing) can precipitate seizures, especially myoclonia, although generalized tonic-clonic (GTC) seizures and absences have also been described [4] .
The inclusion of cognition-guided tasks in the video-EEG protocols, which have been called Video-EEG Neuropsychological Protocols (VNPP), allows the reproduction of PI phenomenon in safe conditions for patients. It also gives us a chance to register myoclonia, whose clinical and EEG characterization is essential in making a correct diagnosis of JME. Since 1957, when Janz and Christian described the ictal pattern of impulsive petit mal of 15 patients ("a herd of 5-20 spikes of increasing amplitude, followed by slow waves of 3-5 Hz of varying amplitude") [5] , only a few articles added detailed clinical and EEG descriptions of myoclonia in JME [6] [7] [8] .
Well-established clinical features associated with PI are male predominance, long-lasting expression of the reflex trait, upper limbs predominance of myoclonia and, possibly, association with a less favorable prognosis of achieving seizure freedom [9, 10] . However, selfperception of patients about the phenomenon has seldom been addressed [11] .
The purposes of this study are to illustrate PI seizures in a cohort of JME patients during a VNPP; to characterize upper limbs PI myoclonia from an electroclinical perspective, and to describe the subjective experience of patients who had this reflex trait. 
Methods
Ninety-seven JME patients were submitted to a VNPP after informed consent at the Epilepsy Unit of the Hospital São Paulo, Universidade Federal de São Paulo, Brazil. All patients had an unequivocal diagnosis of JME based on the ILAE Proposal for Revised Classification of Epilepsies and Epileptic Syndromes [12] . The VNPP included praxis tasks that comprised writing, written calculation, drawing, performed with the dominant hand, and spatial construction activities (pyramid, conundrum and Rubik cube) performed with both hands. The VNPP also included other cognitive activities classified in previous literature as "thinking" tasks (reading silently and mental calculation) [4, 13] . Video-EEG was recorded on a 32-channel digital equipment (Ceegraph software, Bio-Logic Systems Corp., Mundelein, IL, U.S.A and QP-110AK Nihon Kohden, Tokyo, Japan) using the 10-20 International Electrode System, in addition to perioral and deltoid electrodes.
Patients who presented seizures during praxis tasks were selected by reviewing the video recordings. After the selection, two epileptologists (LR and BA) reviewed independently the video recordings and deltoid electrodes EMG of the registered PI myoclonia and evaluated the following clinical features: affected body part; symmetry; intensity and distribution of jerks; isolated or clustered; occurrence on a limb that executes a movement or in the one that is at rest. When both investigators did not agree, a consensus was reached with the remaining members of the team (MG and EY). Ictal electroencephalographic patterns were characterized as follows: morphology-spike and wave (SW), polyspike (PS), polyspike and wave (PSW); distribution (generalized and focal); symmetry; frequency; amplitude; and number of spikes (in the case of polyspike). We also analyzed the relationship between the characteristics of the ictal pattern and clinical features of myoclonia.
For these purposes, we used SPSS for Windows, version 22.0 (SPSS Inc., Chicago, IL, U.S.A.). Categorical variables were expressed as percentages and continuous variables as mean (range) or median [interquartil range-IQR]. Pearson´s χ² and the non-parametric Kruskal-Wallis and Mann-Whitney U test were employed. The criterion for statistical significance was p < 0.05.
In order to assess the subjective perception of patients about PI, an interview based on a semi-structured questionnaire (Table 1) was performed addressing patient's awareness of PI, subjective description of myoclonia, temporal evolution of this reflex trait, influence of anxiety, and psychosocial consequences of the phenomenon. After each interview, a report was generated for each patient and data were transcribed onto a database.
Results

Clinical data and seizure types of the JME cohort
Among 97 patients with JME, 21 experienced PI seizures during the VNPP. Their clinical data are described in Table 2 . Among these 21 patients, 15 presented upper limbs myoclonia. The remaining six patients presented a combination of perioral (1), eyelid myoclonia (3), absences (1) and GTC seizures (1). In total, 75 myoclonia were registered: 59 (78.7%) affected upper limbs, 10 (13.3%) the eyelids and six (8%) perioral muscles.
Clinical and EEG features of the 59 PI myoclonia in the upper limbs of these 15 patients are described in the following two sections. They presented also 12 spontaneous myoclonia (out of the VNPP) that are described and compared in the third section.
Description of myoclonic seizures: clinical features
Among the 59 myoclonic seizures that affected upper limbs, video analysis showed the following distribution within the arms: only hand (7), distal arm (24) , global arm (24) and proximal arm (4) . Four of them affected also axial muscles. Twenty-seven myoclonia (45.8%) occurred isolated and 32 (54.2%) in a cluster. The intensity of the myoclonic jerks was classified as mild in 29 (49.1%), moderate in 20 (33.9%) and severe in 10 (16.9%).
Only five patients showed a bilateral and symmetric pattern across all their recorded myoclonia. The remaining 10 presented different combinations of symmetric, asymmetric and unilateral jerks. In two out of these 10 patients, the most affected side alternated across seizures, while in eight it always remained the same. Among the 59 upper limb myoclonia that were recorded, 27 (45.8%) were bilateral and symmetric, while 32 (54.2%) were bilateral asymmetric (17) or unilateral (15) .
Video analysis allowed us to observe that myoclonia affected predominantly the hand that was executing the movement in 20/59 (33.9%) seizures. In the remaining patients, hands were not moving at the exact moment of the jerk apparition, or a visible jerk was observed in the resting hand.
The dominant side was the most affected in 18 (56.2%) of the 32 asymmetric/unilateral myoclonia, and the non-dominant side in 11 (34.4%). Thirteen patients were right-handed and two were lefthanded. Table 1 A semi-structured questionnaire regarding the subjective perception of patients about praxis-induced myoclonia.
1. Age at epilepsy onset 2. Age at onset of myoclonia 3. Are you aware that your seizures "can be activated" when performing tasks that involve thinking and hand movements? 4. When did you perceive it for the first time? 5. Did this phenomenon change with time? 6. Which activities induce/used to induce myoclonia in your daily life? 7. Does/did stressful context facilitate the apparition of myoclonia while doing those tasks? 8. Do you feel these praxis-induced myoclonia as (most of them):
• bilateral or unilateral?
• specifically on the hand that performs the movement?
• isolated or repetitive jerks? 9. Do you feel clumsier when performing activities that provoke myoclonia? 10. Did you experience, as consequence of these myoclonia:
• throwing down what you had in your hands?
• falling to the floor?
• suffering injuries?
• having a GTC seizure after a cluster of myoclonia? 11. Do these induced myoclonia:
• cause anxiety?
• affect your mood or promote depressive symptoms? 12. Did you lose your job or need to change it because of this reflex trait? 13. Where are you currently working? Where did you use to work when you presented praxis-induction myoclonia? 
Description of myoclonic seizures: EEG features
All 59 myoclonia had an EEG correlate. Of the 59 registered ictal patterns, 57 were generalized and two, focal discharges: one right central and mid-central, and one right frontal.
The most frequent ictal pattern (31/59) was PSW (Fig. 1) . In six cases, this PSW pattern was preceded by a brief slow wave component, which was focal in two cases (right central and right frontal) and generalized in four. Mean frequency of the PS was 15 Hz [14, 15] and mean number of spikes in a PSW complex was 4.5 [3] [4] [5] [6] [7] [8] .
Twenty-eight myoclonic seizures had an ictal pattern of generalized SW. Median frequency of the SW was 3 Hz [3-3.5]. Median amplitude (maximum amplitude of the spike component) of the 59 discharges was 204 μV [90-300] and median duration was 1.5 ms [0.5-2.3]. Duration was longer than two seconds in 30 myoclonia. In 26 cases, the myoclonic jerk appeared in the first half of the ictal discharge, while in four it occurred in the second half.
Although only 27 myoclonia out of the 59 (45.8%) were clinically symmetric, most ictal EEG patterns (52 of 59, 88%) were symmetric, and only six were asymmetric or focal. In these six cases, the maximum EEG amplitude was contralateral to the arm of maximum amplitude of jerks.
The analysis of the relationships between the clinical manifestations and the ictal patterns yielded some significant associations. The intensity of jerks at different levels (mild, moderate and severe) was associated with differences in the predominance of the ictal pattern: mild myoclonia were accompanied predominantly by SW (23/29), while PSW predominated in moderate (16/20) and severe myoclonia (9/10) (p = 0.000). Concerning the extent of distribution, all seven myoclonia affecting only the hand were accompanied by a pattern of SW. On the contrary, myoclonia affecting the whole arm showed PSW more frequently (20/24) (p = 0.000).
Reflecting these differences in the predominance of SW or PSW, the frequency of discharges was significantly lower in mild myoclonia ( 
Spontaneous seizures
Only six patients among the 97 included in the study presented spontaneous upper-limb myoclonia during the video-EEG (12 myoclonia). The clinical and EEG features of these 12 spontaneous seizures were analyzed (Table 3) , to compare them with praxis-induced myoclonia. We only found statistically significant differences in the predominance of isolated or aggregated in a cluster myoclonia: 10/12 spontaneous myoclonia occurred isolated, while 32/59 praxis-induced occurred in a cluster (p = 0.018). The remaining features were not Fig. 1 . EEG ictal patterns of myoclonic seizures during praxis tasks of a video-EEG neuropsychological protocol. A and B: Bilateral generalized spike and wave accompanying bilateral deltoid myoclonia, in the beginning of the paroxysm (A) and at the end (B); C: generalized polyspike-wave with a smaller number of spikes accompanying an asymmetric myoclonia mainly in the left deltoid; D: generalized polyspike-wave with a higher number of spikes and a right deltoid myoclonic jerk; E: generalized polyspike-wave followed by spike and wave complexes and a more prolonged right deltoid myoclonia. significantly different in both types of myoclonia.
Subjective perception of patients in their daily lives
All patients answered the semi-structured interview regarding PI. Two did not perceive PI myoclonia in their daily lives, and all the others were able to describe their subjective experiences.
Five patients perceived that their myoclonic seizures were triggered by tasks involving thinking and hand movements from the onset or in the first three years of epilepsy onset, while eight noticed PI for the first time later (Fig. 2) . In three of this last group, PI myoclonia onset was coincident with the beginning of learning or practicing a new skill (manicure, hairdressing, and laboratory techniques, respectively). In other three patients, PI myoclonia appeared while practicing a previously learned skill (writing), but in a new context involving more stressful conditions (university, working).
The type of activities that patients perceived as triggers of myoclonia combined cognitive effort or coordination of variable difficulty and hand movements. In five patients, this cognitive effort was related to language: writing, and also typing in one case. These patients also reported myoclonia with linguistic skills without hand movements (speaking in a foreign language in stressful conditions, job interviews, Portuguese lessons). On the other hand, seven patients identified triggers linked to spatial coordination and hand movements. However, the coordination effort that these skills required was variable: from more complex as laboratory techniques; to draw, manicure, cutting hair or applying make up to more simple as sweeping. Only one patient reported myoclonia induced by both types of stimuli, related to language and spatial coordination.
Concerning the semiological subjective descriptions of myoclonia, we examined if the three features of myoclonia that patients described in their daily lives (bilateral or unilateral; affecting specifically the hand that is moving; isolated or repetitive jerks, Table 1 ) were coincident with any of his/her recorded seizures. Twelve patients answered to this item: five described their myoclonia with a 3/3 concordance with seizures recorded during the VNPP; five had a 2/3 concordance; and in two cases only 1/3 features was coincident with the recorded seizures.
Myoclonia provoked throwing objects of their hands to 12/13 patients, falls to 9/13, and injuries (cuts) to 4/13. In 8/13 patients PI myoclonia had ended in a GTC seizure at least once in life.
With only one exception, patients referred that anxiety and stressful conditions favored the apparition of PI myoclonia. The phenomenon made feel clumsy in the concrete provoking activities to 10/10 patients that answered that question, and 10/13 recognized that it caused them anxiety. PI myoclonia were the attributable cause of the change or loss of job to 3/12 patients who were laborally active.
Concerning temporal evolution, in 10 patients PI persisted despite different antiepileptic medications (Fig. 2) . Nine of these 10 patients had been treated with valproic acid (VPA), either currently or in the past. In other two cases, PI myoclonia disappeared when the patient stopped practicing the triggering skill (manicure), or when anxiety associated with the triggering activity (hairdresser) vanished. Another patient had an easy control of myoclonia with VPA. The median duration of the period of PI perception was 12 years [IQR [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , while the median duration of epilepsy was 16 years [IQR 13.5-23].
Discussion
In this study, the phenomenon of PI has served for two different descriptive analyses: the electroclinical features of myoclonia in JME, and the subjective experiences of patients with this reflex trait.
Semiologically, the myoclonic seizure in JME was described by Herpin in 1867 [14] in a 14-year-old son of a doctor as "a jerk (secousse, commotion) that rattles the whole body as an electric shock" or, when limited to the upper part if the body, "(…) he releases or throws what he holds in his hands, especially his right hand." [14] . The predominance on upper limbs was underscored by Janz and Christian [5] , who settled that these jerks or impulsive petit mal "always include, at first, the shoulders and arms, mostly in a symmetrical fashion, less commonly the legs or the head, but never without the arms." In the present study, we focused on upper limbs myoclonia. We found a quite similar frequency of bilateral symmetrical myoclonia (45.8%) and asymmetrical or unilateral jerks (54.2%), and the majority of patients (10/15) presenting a combination of them. Previously, most authors had described myoclonia in JME as typically bilateral and symmetrical, recognizing that unilateral myoclonia can occur [15, 16] . However, semiological descriptions based on video-EEG were previously scarce.
In the unveiling of JME to the English literature, Delgado-Escueta and Enrile-Bacsal [6] registered myoclonic seizures in eight patients, standing that "generalized bilateral symmetric shoulder, trunk, and limb jerks were most common". Asymmetric jerks of the legs were reported in only one of these eight patients. Rather in line with our results, Oguni et al. [7] in a detailed video polygraphic study of myoclonia in five JME patients, reported an asymmetry in four.
Concerning ictal EEG, the present study showed that the ictal pattern of myoclonia can be PSW as well as SW. For Janz and Christian [5] , PSW would be the characteristic ictal pattern. Panzica et al. [8] agreed with Janz's original observation, while Oguni et al. [7] , who analyzed in detail 302 myoclonia in five JME patients, reported "generalized bilateral single or multispike-and-wave complexes at 3-5 Hz", without detailing the different electrographic patterns. Other authors have also recognized both patterns [17] . Additionally, we obtained that besides similar proportions of PSW and SW as ictal patterns, the smaller the amplitude and frequency of the discharges, the more limited the clinical expression. Without a formal statistical analysis on these associations, previous studies on electrophysiology had shown a higher probability of myoclonic jerk with PSW than with SW, which implied an association with frequency [8, 18] .
With regard to the generalization of these electroclinical descriptions of PI myoclonia into the spontaneous myoclonia of JME, our results suggest that it is possible to extrapolate the description for most of their features. We did not find significant differences among PI and spontaneous myoclonia, with the exception of a greater tendency of PI jerks to aggregate in a cluster. However, we registered only twelve spontaneous myoclonia, which is a limitation for the statistical analysis. Thus, further research into this point will be necessary to confirm our results.
The semi-structured interview showed that some patients reported PI for the first time when they began to practice a new skill involving visuomotor coordination. This suggests a trigger related to the functional or structural changes involved in learning a new praxis. As Pascual-Leone [19] demonstrated in a study with people learning piano, skill acquisition is associated with a change in the pattern of activation of the executive functional system. Referring to PI seizures, this change could trigger ED and myoclonia in genetically predisposed subjects. The complexity of the skill is also an important factor, independently of its linguistic or visuospatial nature. According to Ferlazzo et al. [20] , if the stimuli are complex enough to activate a critical mass of cortex, they will be able to produce epileptic discharges in patients with this reflex trait. A fMRI study performed with JME patients that employed a working memory paradigm [21] , showed an augmented coactivation of motor cortex along with prefrontal cognitive network when increasing the difficulty of the paradigm. Similarly, in the patients of our series, these skills would have been complex enough to coactivate motor cortex and provoke myoclonia.
However, some patients reported myoclonia with previously learned skills in a new more stressful context. Stress, by itself, did not provoke myoclonia, and therefore, these seizures were considered PI phenomena. Uchida et al. [10] showed that stress was much more frequently reported as a triggering factor by patients with PI (75.0%) than those without any reflex trait (44.0%, p = 0.067). Most patients in our series reported that PI provoked a feeling of clumsiness and anxiety, which outlines the bidirectional importance of anxiety as a condition that favors myoclonia and as a consequence of this reflex trait.
Moreover, in the present series 10/13 patients described a long-term susceptibility to PI-seizures (despite being treated with VPA in 9/10), which implies the presence of a sustained anxiogenic factor along years. The general long-lasting expression of this reflex trait has also been pointed out by other authors [22, 23] . When reporting the long duration of a reflex trait in a cohort of JME, it is essential to emphasize how many patients have been on VPA, which is the most effective drug for these patients, and probably the true marker for pharmacoresistance [24] .
Regarding falls, throwing of objects, and injuries, PI myoclonia implied a not-insignificant risk. The main risk factor for injuries in seizures as reported by previous studies were the loss of consciousness and frequency of seizures [25, 26] . However, in patients with JME, the risk of injuries can be greater if reflex myoclonia appear with activities that involve potential injuries, like the cuts that were referred by one third (4/13) of our patients.
Conclusion
Myoclonic jerks of upper limbs are the most frequent type of seizure induced by praxis in JME. VNPP of this cohort of JME patients showed that bilateral and unilateral jerks frequently coexist in the same patient and that their EEG correlate can be PSW as well as SW. The subjective experience of patients demonstrated that anxiety is a favoring factor for the apparition of PI myoclonia, as well as a consequence of the loss of dexterity that they can provoke. For most patients, PI is a long-term trait that can influence their abilities in working settings and represent a significant impact on their lives.
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